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Abstract—The Coupled Air-Sea Processes and 
Electromagnetic ducting Research (CASPER) project involved 
two field campaigns. The most recent field study, CASPER-West, 
occurred during 27 September - 26 October 2017 offshore of Pt. 
Mugu, California.  The most significant ducting conditions 
observed during this field campaign included evaporation ducts 
and surface-based ducts. However, most of the evaporation ducts 
are also topped by elevated duct layers at several hundred meters 
above the surface. This paper provides an overview of the 
CASPER-West measurements and the observed ducting 
conditions from multiple platforms in CASPER-West.  
Keywords— environmental factors, electromagnetic wave 
propagation measurements, ducting, refractivity, air-sea 
interaction, weather forecasting. 
I. INTRODUCTION  
The Coupled Air-Sea Processes and Electromagnetic 
ducting Research (CASPER) project is a five-year 
multidisciplinary research effort focusing on understanding and 
improving the prediction of air-sea interaction processes 
resulting in various radio frequency (RF) ducting conditions 
that affect electromagnetic wave (EM) propagation in the 
atmospheric boundary layers. CASPER was designed to 
conduct two field campaigns located on both coasts of the 
United States. The overall objectives of CASPER and 
experiment design and measurements in CASPER-East, which 
occurred offshore of Duck, NC during September/October 
2015, were discussed in [1]. CASPER-West was conducted 
during 27 September – 26 October 2017 offshore of Pt. Mugu, 
CA. A general overview of the measurements and the ducting 
conditions associated with various meteorological conditions in 
CASPER-West is presented here.  
II. CASPER-WEST MEASUREMENTS 
A. Environmental Measurements 
The CASPER-West field campaign involved multiple 
research platforms, including the research vessel R/V Sally 
Ride (RVSR), research platform R/P FLIP (FLIP), a Twin 
Otter research aircraft with a controlled towed vehicle (CTV), 
three surface buoys, five surface Wave Gliders, and a shore site 
at the Pt. Mugu Sea Range. All CASPER resources were 
aligned along a designated path between the shore site and the 
location of the FLIP and beyond (see Fig. 1). FLIP was 
instrumented to sample marine surface layer mean and 
turbulence properties using in situ measurements at multiple 
levels on a vertical mast, rawinsondes, and remote sensing 
profiling throughout the troposphere. Near-surface air-sea 
interaction processes were also measured using optical and 
infrared imaging techniques. The RVSR made similar 
measurements from the bow mast as on the FLIP mast, except 
with fewer vertical levels. Rawinsondes and tethered balloon 
measurements of the lower atmosphere were made while 
underway. In addition, remote sensors, such as a scanning lidar 
and microwave radiometer were installed. An instrumented 
small boat was also deployed from RVSR to measure the 
marine atmospheric surface layer away from the ship to 
minimize flow distortion.  Furthermore, surface autonomous 
vehicles, such as Wave Gliders, were deployed from RVSR to 
distribute along the overall sampling path and two ocean 
gliders were also deployed, one near FLIP, one transecting 
along the path. The Twin Otter aircraft with the CTV made 12 
flights at multiple levels along the sampling path. Finally, a 
small buoy and a medium buoy instrumented with 
meteorological measurements were deployed along the path 
between FLIP and shore. Together, the suite of sensors and 
platforms deployed during CASPER-West comprehensively  
  
 
Fig. 1. CASPER-West measurement area offshore of Pt. Mugu, CA. The 
orange line denotes the electro-optics sampling track, the green + orange line 
the track connection FLIP and shore, and the green + yellow track the 
extended track for surface-based duct sampling.  
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measured the mean and turbulence characteristics of the 
sampling region in both the atmosphere and the ocean. 
B. Electromagnetic and Electro-optical Measurements 
CASPER-West included four systems for RF 
measurements: the surface radar situated at the shore site, the 
ultra-wide band (UWB) system, the X-band system, and 
receivers in S- and X- bands on RVSR.  Both the UWB 
transmitter and the X-band receivers are on FLIP while the 
UWB receiver and other transmitters are on the shore or on 
RVSR. These systems measured the continuous links in the 50 
km range between the shore and the FLIP as well as range-
dependent RF links between the RVSR and FLIP (UWB and 
X-band) or the shore site (S-, and X- bands). The radar 
provided refractivity from clutter. Scintillation measurements 
at one frequency were also made between FLIP and shore. The 
extended 75 km track to the yellow square point is designed for 
RF sampling under surface-based duct (SBD) conditions. 
Meanwhile, optical links were made between RVSR and FLIP 
with two sets of systems for optical scintillation and 
attenuations. The shore orange track is for sampling the optical 
link between RVSR and FLIP (Fig. 1). 
III. DUCTING CONDITIONS IN CASPER-WEST 
Fig. 2 depicts the ducts associated with an elevated trapping 
layer obtained from all sounding profiles from FLIP. Most of 
the elevated ducts are near 500 m level, except during the first 
week of the experiment. CASPER-West also captured multiple 
days of SBDs indicated by the duct base (red points) at the 
surface.  During some of the SBD conditions, the 75 km 
extended path was used by RVSR and the Twin Otter for 
concurrent environment and RF measurements. Fig. 2 also 
indicates that evaporation ducts, if present, were always capped 
by an elevated trapping layer, thus generating more complex 
ducting conditions than the evaporations ducts observed during 
CASPER-East [1].  
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Fig. 2. Time-height variations of the modified index of refraction (M) from 
soundings on FLIP. The duct top and base are identified as black and red dots, 
respectively.   
Fig. 3 shows the evaporation duct heights (EDH) and 
strength (EDS) during the entire CASPER-West period 
calculated using the COARE algorithm, modified to export the 
surface layer thermodynamic profile. The continuous 
measurements of temperature, pressure, relative humidity, and 
sea surface temperature (SST) from the small buoy near shore 
were used in this calculation. Fig. 3 also shows the air-sea 
temperature difference (ASTD) on the top panel. Positive 
(negative) values of ASTD indicate stable (unstable) thermal 
stratifications. During CASPER-West, EDH was generally less 
than 10 m before mid-October and increased to 10 to 15 m 
afterwards. High EDH greater than 20 m occurred during 
periods of stable thermal stratifications. The EDS varied with a 
large magnitude with a clear diurnal variation. Their impacts 
on propagation should be investigated in future research.  
 
Fig. 3. Evaporation duct properties in CASPER-West from COARE. 
IV. CASPER-WEST ACCOMPLISHMENT SUMMARY 
CASPER-West measurements were successful in: 
- Extensive measurements of air-sea interaction 
processes using FLIP, RVSR, the small boat, buoys, 
multiple autonomous vehicles, and the shore site and 
from the.  
- Continuous measurements of EM refractive conditions 
from fixed location buoys and FLIP and continuous 
links between the stabilized FLIP and the shore 
making RF scintillation measurements possible.  
- Sampling of the SBD conditions with multiple cases 
associated with Santa Ana wind conditions. 
- Electro-optic links measured in conjunction with the 
turbulence and mean profile measurements.  
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